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A method of reducing noise effects in a system for 
measuring a physiological parameter, comprises the steps oft 
(a) generating a plurality of measurements derived from at least 
one wavelength of electromagnetic energy transmitted through 
living tissue; (b) comparing selected measurements vim at least 
one expected measurement characteristic: (c) assigning one of 
a plurality of variable weights to each selected measurement 
based on the comparing step thereby generating a plurality 
of differently weighted measurements; and (d) averaging a 
plurality of the differently weighted measurements to obtain 
" for use in estimating the physiological 
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METHOD AND APPARATUS FOR ADAPTIVELY AVERAGING DATA SIGNALS 

This invention relates to a method and apparatus for measuring 
physiological parameters, in particular for reducing noise 
effects in a system for measuring a physiological parameter. 
It relates in particular to a method and apparatus for 
adaptively averaging data signals. The invention employs 
filtering techniques in pulse oximetry to estimate the oxygen 
saturation of haemoglobin in arterial blood. 

Pulse oximeters typically measure and display various blood 
flow characteristics including but not limited to the oxygen 
saturation of haemoglobin in arterial blood. Oximeters pass 
light through blood perfused tissue such as a finger or an ear, 
and optically sense the absorption of light in the tissue. The 
amount of light absorbed is then used to calculate the amount 
of the blood constituent (e.g., oxyhaemglobin) being measured. 

The light passed through the tissue is selected to be of one or 
more wavelengths that are absorbed by the blood in an amount 
representative of the amount of the blood constituent present 
in the blood. The amount of light passed through the tissue 
varies in accordance with the changing amount of blood 
constituent in the tissue and the related light absorption. 
The calculation of saturation can then be based on Beer- 
Lambert's law. Traditionally, the determination of saturation 
measures light absorption at two wavelengths, for example red 
and infra red. Saturation can then calculated by solving for 
the "ratio of ratios", as disclosed in US-4802486, US-4911167, 
OS-4-928692, US-4934372, US-4869254, US-5078136 and US-548S847 . 

The optical signal through the tissue can be degraded by both 
noise and motion artifact. One source of noise is ambient 
light which reaches the light detector. Another source of 
noise is electromagnetic coupling from othe^r electronic 
instruments. Motion of the paltient also introduces noise, and 
affects the signal". For example, the contact between the 
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detector and the skin, or the emitter and the akin, can be 
temporarily disrupted when motion causes either to move away 
from the skin. In addition, since blood is a fluid, it 
responds differently than the surrounding tissue to inertial 
effects, thus resulting in momentary changes in volume at the 
point to which the oximeter probe is attached. 

Motion artifact can degrade a pulse oximetry signal relied upon 
by a physician, without the physician's awareness. This is 
especially true if the monitoring of the patient is remote, the 
motion is too small to be observed, or the doctor is watching 
the instrument or other parts of the patient, and not the 
sensor site. 

An oximeter system is disclosed in US -50 25791 in which an 
accelerometer is used to detect motion. when motion is 
detected, readings influenced by motion are either eliminated 
or indicated as being corrupted. In a typical oximeter, 
measurements taken at the peaks and valleys of the blood pulse 
signal are used to calculate the desired characteristic. 
Motion can cause a false peak, resulting in a measurement 
having an inaccurate value and one which is recorded at the 
wrong time. 

Another system is disclosed in US-4802486 in which an EKG 
signal is monitored and correlated to the oximeter reading to 
provide synchronization to limit the effect of noise and motion 
artifact pulses on the oximeter readings. This reduces the 
chances of the oximeter locking onto a periodic motion signal. 

The system disclosed in US-5078136 involves the use of linear 
interpolation and rate of change techniques to analyze the 
oximeter signal, to limit the effect of noise and motion 
artifact. 

The present invention provides a technique for reducing noise 
effects in a system for measuring a physiological parameter, 
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for example blood oxygen saturation, in which varying weights 
are assigned to different measurements, and the weighted 
measurements are averaged to obtain a filtered measurement. 

Accordingly, in one aspect, the invention provides a method of 
reducing noise effects in a system for measuring a 
physiological parameter, the method comprising the steps of: 

(a) generating a plurality of measurements derived from 
at least one wavelength of electromagnetic energy 
transmitted through living tissue; 

(b) comparing selected measurements with at least one 
expected measurement characteristic; 

(c) . assigning one of a plurality of variable weights to 
each selected measurement based on the comparing step 
thereby generating a plurality of differently weighted 
measurements ; and 

(d) averaging a plurality of the differently weighted 
measurements to obtain a filtered measurement for use in 
estimating the physiological parameter. 

In another aspect, the invention provides apparatus for 
reducing noise effects in a system for measuring a 
physiological parameter, comprising: 

(a) means for generating a plurality of measurements 
derived from at least one wavelength of electromagnetic 
energy transmitted through living tissue; 

(b) means for comparing selected measurements with at 
least one expected measurement characteristic; 

(c) means for assigning one of a plurality of variable 
weights to each selected measurement based on the 
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comparing step thereby generating a plurality of 
differently weighted measurements; and 

(d) means for averaging a plurality of the differently 
weighted measurements to obtain a filtered measurement 
for use in estimating the physiological parameter. 

Preferably, the apparatus includes means for calibrating the 
system to measure the physiological parameter in response to a 
signal indicative of the at least one wavelength of electro- 
magnetic energy, for example as disclosed in US-4S21643, tJS- 
4700708 and US-4770179 

Preferably, the apparatus includes a sensor with an emitter for 
the said at least one wavelength of electromagnetic energy, 
sensing means for sensing the electromagnetic energy and for 
generating a first signal representative thereof, means for 
detachably coupling the sensor to an oximeter and for 
communicating signals between the sensor and the oximeter, and 
means for providing a second signal indicative of the at least 
one wavelength of electromagnetic energy. 

The present invention makes use of filtering techniques which 
use mathematical models to describe how physiological 
parameters change in time, and how these parameters relate to 
measurement in a noisy environment . Such filters can modify a 
set of averaging weights and averaging times to arrive at an 
optimised estimation of the physiological parameter. 

The technique of the invention can be used in conjunction with 
a pulse oximeter to determine the oxygen saturation of haemo- 
globin in arterial blood. A band-pass filter can be used to 
attenuate data below 0.5 Hz and above 10 Hz in order to remove 
out of band noise, at least partially. Filtered data can then 
be processed using a saturation calculation algorithm as 
discussed in more detail below. 
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The invention can employ adaptive filtering techniques (for 
example Kalman filtering) to calculate blood oxygen saturation. 
Kalman filtering allows one to fit parameters in a least 
squares sense when the parameters are varying in time. Tradi- 
tionally one might employ a classical least squares (CLS) 
approach with low-pass filtering or averaging of the estimated 
quantity. Kalman filtering achieves substantially the same 
result, but the Kalman filter calculates the optimal amount of 
averaging. Appropriate Kalman filter algorithms are disclosed 
in Introduction to Random Signals and Applied Kalman Filtering, 
Second edition (1992) , by R G Brown and P Y C Hwang, published 
by John Wiley & sons. A Kalman cardiac gated averaging 
processor employing Kalman filter - theory can be used in the 
calculation of oxygen saturation, in which the processor can be 
gated by triggers based on the pulse rate, for example supplied 
by an algorithm for calculating the pulse rate, or from an ECG 
wave form. Details of techniques for calculating pulse rate 
from oximeter data are disclosed in International patent 
application no. IB96/ filed with the present application 

entitled METHOD AND APPARATUS FOR MEASURING PULSE RATE AND 
SATURATION , which bears the agents' reference P21977B. 
Information disclosed in that document is incorporated in this 
application by this reference. Information disclosed in that 
document is incorporated in this application by this reference. 

Using a Kalman filter, the method of the invention involves 
transforming appropriately pre-processed data into quantities 
corresponding to the oxyhaemglobin and total haemoglobin 
concentrations using appropriate extinction coefficients. The 
instantaneous ratio of these two transformed quantities gives 
the saturation. The instantaneous saturation value may be 
calculated directly by using the extinction coefficients, or 
from the ratio of ratios. The method need not search for 
maxima or minima like a. pulse searching algorithm (although 
maxima or minima could be used and Kalman filtered if desired) . 
Using instantaneous ratios (that is, a time based algorithm) 
rather than maxima/minima ratios (that is, an event based 
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algorithm) keeps the code from being event driven and having to 
qualify data as it arrives. The method of the present 
invention therefore has the advantage of being simpler to 
implement than a pulse-searching event-based saturation 
calculation algorithm. 

Preferably, the number of the differently weighted measurements 
which are averaged varies in response to the assigning step. 

Preferably, a first number of differently weighted measurements 
are averaged to obtain the filtered measurement, the first 
number varying according to weights assigned to a plurality of 
successive differently weighted measurements in the assigning 
step. It is preferred then that a plurality of filtered 
measurements are generated for each wavelength, over time. 

Preferably, the plurality of variable weights comprises first 
and second sets of measurements corresponding to first and 
second wavelengths, respectively. The steps of comparing and 
assigning are then performed on the first set of measurements. 
It is preferred that the method includes the step of assigning 
to the second set of measurements weights identical to those 
assigned to the first set of measurements, thereby obtaining 
separate filtered measurements for each of the first and second 
wavelengths . 

Preferably, the plurality of measurements are obtained by 
combining data from at least two wavelengths . 

Preferably, the variable weight assigned to each selected 
measurement is based in part on a rate of change between the 
selected measurement' and a previous measurement . 

Preferably, the generating step of the method comprises: 
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(a) taking the logarithm of a signal representative of 
the at least one wavelength of electromagnetic energy, 
thereby generating a first signal; and 

(b) band pass filtering the first signal, thereby 
generating a second signal from which the plurality of 
measurements are derived. 

Preferably, the generating step then includes the step of 
normalizing the second signal to generate a third signal from 
which the plurality of measurements are derived. The 
generating step can then include the step of taking the 
derivative of the third signal to generate a fourth signal from 
which the plurality of measurements are derived. 

Preferably, the similarity between each selected measurement 
and the corresponding previous measurement is compared to an 
expected value. The expected value might correspond to a 
physiological model. It might correspond to a rate of change 
between a plurality of corresponding previous measurements. 

Preferably, the corresponding previous measurement, with which 
the selected measurement is compared for assigning the variable 
weights, corresponds to a filtered measurement. 

Preferably, the at least one expected measurement character- 
istic comprises a prediction corresponding to at least one 
previous filtered measurement. 

Preferably, the selected measurements comprise digital signals. 

Preferably, the plurality of measurements generated in step (a) 
of the method correspond to a series of cardiac pulses. 

Preferably, the variable weights of the generated weighted 

measurements comprise a plurality of different non-zero 
numbers . 
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Preferably, the plurality of measurements generated in step (a) 
of the method are time-based and not event driven. Bach 
filtered time-based measurement might then correspond to at 
least one of the following: 

1. A current value of a ratio of ratios which is 
representative of oxygen saturation of haemoglobin, in 
arterial blood. 

2 . A current value of oxygen saturation of haemoglobin 
in arterial blood. The at least one expected measurement 
characteristic can then comprise a constant represent- 
ative of a rate of change of the oxygen saturation value. 

The plurality of time-based measurements can be normalized 
prior to the comparing step, thereby reducing noise effects 
corresponding to motion artifact on some of the time-based 
measurements. 

Preferably, the method of the invention includes the step of 
providing a signal indicative of the at least one wavelength of 
electromagnetic energy 

Preferably, the method of the invention includes the step of 
filtering data corresponding to the wavelength of electro- 
magnetic energy so that motion and noise energy not at integer 
multiples of a heart rate of the patient are attenuated. 

The invention can involve reduction of noise effects when 
measuring a physiological parameter. It can include apparatus 
for reducing the noise effects which comprises: 

means for generating a plurality of measurements 
derived from at least one wavelength of electromagnetic energy 
transmitted through living tissue; 

means for providing a signal indicative of the at 
least one wavelength of electromagnetic energy; 
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means for comparing selected measurements with at 
least one expected measurement characteristic- 
means for assigning one of a plurality of variable 
weights to each selected measurement based on the comparing 
step thereby generating a plurality of differently weighted 
measurements for each wavelength, the variable weights being 
assigned, in part, in response to a similarity between ejich 
selected measurement and a corresponding previous measurement, 
the variable weights comprising a plurality of different non- 
zero numbers; 

means for averaging a plurality of the differently 
weighted measurements to obtain a filtered measurement for use 
in estimating the physiological parameter; and 

means for calibrating the system to measure the 
physiological parameter in response to the signal indicative of 
the at least one wavelength of electromagnetic energy. 

The invention also includes a monitor for measuring a physiol- 
ogical parameter, the monitor being for use with a sensor 
having emitting means for emitting at least one wavelength of 
electromagnetic energy, sensing means for sensing the electro- 
magnetic energy and for generating a first signal repres- 
entative thereof, means for detachably coupling the sensor to 
the oximeter and for providing communication of signals between 
the sensor and the oximeter, and means for providing a second 
signal indicative of the at least one wavelength of electro- 
magnetic energy, the monitor comprising: 

means for generating a plurality of measurements 
derived from the first signal ; 

means for comparing selected measurements with at 
least one expected measurement characteristic- 
means for assigning one of a plurality of variable 
weights to each selected measurement based on the comparing 
step thereby generating . a plurality of differently weighted 
measurements, the variable weights being assigned, in part, in 
response to a similarity between each selected measurement and 
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a corresponding previous measurement, the variable weights 
comprising a plurality of different non-zero numbers; 

means for averaging a plurality of the differently 
weighted measurements to obtain a filtered measurement for use 
in estimating the physiological parameter; and 

means for calibrating the monitor to measure the 
physiological parameter in response to the second signal. 

The present invention will now be described, by way of example 
only, with reference to the accompanying drawings, in which: 

Figure 1 is a schematic representation of apparatus for 
measuring a physiological parameter such as oxygen 
saturation of haemoglobin of a patient; 

Figure 2 is a block diagram illustrating the flow of data 
in apparatus such as that shown in Figure l; 

Figure 3 is a graph comparing the performance of a 
classic least squares algorithm to that of the Kalman 
algorithm; 

Figure 4 is a graph comparing the inputs and outputs of 
the Kalman cardiac gated averaging filter. 

Referring to the drawings, Figure 1 shows apparatus for 
measuring physiological parameters such as oxygen saturation of 
haemoglobin of a patient. A sensbr/oximeter combination 60 
comprises a sensor 61 and an oximeter monitor 62. Sensor 61 
includes LEDs 63 and 64 typically having wavelength emission 
characteristics in the infrared and red ranges of the spectrum, 
respectively. Photodiode sensor 65 receives the light 
transmitted by LEDs 63 and 64. Resistor 66 (or a similar 
electrical impedance reference) is chosen to correspond to a 
specific wavelength or combination of wavelengths as specified 
by a table relating impedance values to wavelengths. Decoding 
means 67 determines the impedance value of resistor 66, and 
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appropriate extinction coefficients are generated which 
correspond to the transmission characteristics of the 
particular sensor 61. Thus, the oximeter may be used with a 
variety of sensors having LBDs which emit varying wavelengths 
of light without recalibration. The sensor 61 is detachably 
coupled to oximeter monitor 62 by means of a connector. An 
example of such a sensor/oximeter combination is disclosed, in 
US-4621643 . 

The data received from the sensor is processed according to the 
scheme shown in Figure 2. It can be processed using apparatus 
of the type disclosed in US-5348004. In initial process steps 
1, 2, the natural logarithm of the data (usually from red and 
infra red LEDs) is taken, and the data is band pass filtered 
(step 1) . The filtered data can then processed by algorithms 
for calculation of oxygen saturation. The algorithms "for 
processing the filtered data can make use of Kalman filtering 
(step 11), with and without cardiac gated averaging (step 9). 
These filtering techniques are discussed in the "Introduction 
to Random Signals and Applied Kalman Filtering" publication 
mentioned above. 

Using Kalman filtering, a parameter x to be estimated (for 
example, oxygen saturation or pulse rate) varies in time in 
some predictable way. If the value of x is known at some 
sample in time, then in the next sample, x may be expected to 
have little or no variation from the previous value. Q is the 
variance of this difference. The parameter x is not measured 
directly. What is actually measured is a parameter z which 
equals x times a constant H plus measurement noise. R is the 
variance of this measurement noise. Rewriting these 

z k = + V 

The ability to estimate the value of x knowing z and the last 
estimate of x is related to the two noises quantified by R and 
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Q. The Kalman filter quantifies the two noises in a parameter 
called the estimation error, P. The Kalman filter also uses an 
intermediate term called the Kalman gain, K. P„- 1 is initial- 
ized with a value of zero. Then at each new data point k, the 
following steps are performed: 

= P k + Q k 

With the Kalman filter (step 11) , the saturation is allowed to 
vary, and the model is separated into two parts. The first 
part is 

v k s + n\ 

That is, the ratio of the transformed pre-processed data is the 
saturation value except for measurement noise. The spread of 
the data gives a real-time measurement of the noise variance. 
The second part says that on average saturation does not change 
in time, but if it does change the standard deviation of the 
change is some constant, observable rate of change. That 
is, the second equation is 

This second equation gives the Kalman filter the ability to 
recognize that if saturation changes by 10 points in two 
• seconds, for example, • it must be due to measurement noise. The 
Kalman filter then averages the calculated saturation more with 
previous values to bring the change more in line with what is 
expected from physiology. In contrast, if the change is within 
bounds the Kalman filter will average very little. 
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The value of R is estimated from the difference between v and 
us over the last N points, where the user specifies the value 
N. In one embodiment, the Kalman model for saturation also 
gives less weight to the smaller portions of a pulse, more 
weight to the larger portions, and adds a small incremental 
value to the actual variance to represent the error inherent in 
the measurement system (for example, hardware noise) . 

In a second Kalman filter (step 12) , the Kalman filter limits 
the changes to the time derivative of saturation. The 
equations for this filter say that the expected value of the 
time derivative of saturation should statistically be unchanged 
with time. 

_ d*jfi o 
dt dt k 

where z is the estimate of saturation from the first Kalman 
filter, and x is the estimate of saturation after limiting the 
changes to its time derivative. In this embodiment, the 
parameter n° is preferred to be chosen to correspond to the 
second derivative of the observed rate of change, and n* is 
estimated from the data. In the general form of the Kalman 
filter, these two separate filters could be combined into one 
filter. By separating them, the need to use matrix algebra is 
eliminated and each Kalman filter is able to be tested 
separately. 

The measurement noise is estimated by centring a window around 
the data values being used. This centring gives a more 
accurate estimate of the noise, but delays the output of the 
Kalman filter by half the window length. When one second 
window is used, it appears that the filter. can respond quickly 
to motion coming and going, and the one-half second delay in 
saturation estimation is not clinically significant . 
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Kalman filtering with cardiac gated averaging 

A Kalman CGA algorithm can be applied in series with a Kalman 
saturation algorithm (steps 8, 9). The Kalman CGA processor 
optimally averages successive plethysmograph pulses or 
waveforms to create an optimally filtered plethysmograph 
waveform. The first equation below correlates the measured 
plethysmograph shape with the averaged plethysmograph wave 
shape except for measurement noise. 

The value of Q is estimated from the data. According to the 
following equation, the new pulse cannot differ from the 
averaged plethysmograph pulse by more than some acceptable 
percentage . 

The Kalman cardiac gated averaging model automatically averages 
more data points if the incoming wave form varies signifif^ 
cantly, yet has the ability to update quickly if the wave form 
obeys assumptions based on expected physiological variation. 
The Kalman cardiac gated averaging represents a significant 
improvement over prior art methods of calculating saturation as 
used in oximeters available from Nellcor Incorporated under the 
trade marks N200 and N3000, and as disclosed in US-4802486. 
Figure 4 shows an example of the inputs and outputs of a Kalman 
filter according to one embodiment of the invention. The 
trigger waveform 100 is from the R-wave of an ECG or from a 
pulse rate calculation method. The raw data waveform 102 is at 
times quite corrupted by motion, yet by variable averaging, the 
Kalman cardiac gated averaging technique is able to keep the 
filtered waveform 104 looking quite regular. The estimated 
residual 106 correlates well in time with the noise on the 
measured data. 
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It will be understood that the Kalman cardiac gated averaging 
technique may be used to shape the oximetry data pulses for 
processing by either a CLS saturation calculation technique, 
the Kalman saturation calculation technique, or an alternate 
technique. Either embodiment could use an ECG pulse rate, or 
a pulse rate generated by an algorithm which processes oximeter 
data as the cardiac gated averaging trigger. The Kalman 
saturation calculation technique may be used without the Kalman 
cardiac gated averaging technique. 

Referring again to Figure 2, two saturation values are 
calculated from the data from the band pass filter One 
saturation value is obtained using a harmonic filter (step 7) 
and a Kalman filter with cardiac gated averaging, using 
triggers from an ECG waveform. The harmonic filter (step 7) 
digitally filters the IR and red waveforms such that only 
energy at integer multiples of the heart rate is allowed 
through the filter. The response of harmonic filter (step 7) 
varies with the heart rate signal supplied to it to attenuate 
motion and noise energy not at the heart rate. m this 
arrangement, the subsequent filtering by Kalman CGA (step 9) 
and/or the saturation calculation (step 11) algorithm described 
below applies the same weighting and averaging to both the IR 
and red data streams on the basis of the filtered data stream. 

Further details of the use of a harmonic filter to reduce noise 
effects, as might be used in the apparatus of the present 
invention, are disclosed in International patent application 
no. IB96/ filed with the present application entitled 

METHOD AND APPARATUS FOR HARMONICALLY FILTERING DATA, which 
bears the agents' reference P21977D. Details of the 'use of 
adaptive comb filtering to reduce noise effects in the 
estimation of heart rate, as might be used in the apparatus of 
the present invention, are disclosed in International patent 
application no. IB96/ filed with the present application 

entitled METHOD AND APPARATUS ' FOR MEASURING MEASURING PULSE 
RATE AND SATURATION, which J^ars the agents' reference P21977B. 
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Information concerning these features of the present invention 
that is disclosed in those documents is incorporated in the 
specification of the present application by this reference. 

The second saturation value is obtained by application of a 
Kalman filter (step 11) . In contrast to the first Kalman 
filter with cardiac gated averaging which is event based, £he 
second filter is time based. The second filter operates on 
data from the band pass filter and on data from the first 
filter. Prior to application of the second filter, data points 
resulting in an impossible saturation calculation (for example 
negative saturation) are rejected (step 10) . After application 
of the second filter, the best saturation value is chosen 
according to confidence levels associated with each value (step 
12): 

The saturation value after the second filter is displayed after 
appropriate post-processing to determine whether and how it is 
to be displayed (step 14) . Confidence levels in the oxygen 
saturation can be estimated from metrics available from the 
algorithms performed on the oximeter data, determining which 
saturation can be considered reliable. For example, the 
confidence level can be determined dependent on the age of the 
signal from which the saturation level is calculated and the 
deviation of that level from an estimated value. Further 
details techniques for assessing the reliability of saturation 
levels, as might be used in the apparatus of the present 
invention, are disclosed in International patent application 
no. IB96/ filed with the present application entitled 

METHOD AND APPARATUS FOR ARBITRATING TO OBTAIN BEST ESTIMATES 
FOR BLOOD CONSTITUENT VALUES AND REJECTING HARMONICS which 
bears the agents' reference P21977C. Information concerning 
these features of the present invention that is disclosed in 
that document is incorporated in the specification of the 
present application by this reference. 
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CIAIMS ; 

1. A method of reducing noise effects in a system for 
measuring a physiological parameter, the method comprising the 
steps of: 

(a) generating a plurality of measurements derived from 
at least one wavelength of electromagnetic energy 
transmitted through living tissue; 

(b) comparing selected measurements with at least one 
expected measurement characteristic; 

(c) assigning one of a plurality of variable weights to 
each selected measurement based on the comparing step 
thereby generating a plurality of differently weighted 
measurements; and 

(d) averaging a plurality of the differently weighted 
measurements to obtain a filtered measurement for use in 
estimating the physiological parameter. 

2. A method as claimed in claim 1, in which a number of the 
differently weighted measurements averaged varies in response 
to the assigning step. 

3. A method as claimed in claim 1, in which a first number 
of differently weighted measurements are averaged to obtain the 
filtered measurement, the first number varying according to 
weights assigned to a plurality of successive differently 
weighted measurements in the assigning step, and wherein, over 
time, a plurality of filtered measurements are generated for 
each wavelength. 

4. A method as claimed in claim 1, in which the plurality of 
measurements comprises first and second sets of measurements 
corresponding to first and second wavelengths, respectively, 
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and wherein the steps of comparing and assigning are performed 
on the first set of measurements, and further comprising the 
step of assigning to the second set of measurements weights 
identical to those assigned to the first set of measurements, 
thereby obtaining separate filtered measurements for each of 
the first and second wavelengths. 

5. A method as claimed in claim 1, in which the plurality of 
variable weights are obtained by combining data from at least 
two wavelengths. 

6. A method as claimed in claim 1, in which the variable 
weight assigned to each selected measurement is based in part 
on a rate of change between the selected measurement and a 
previous measurement . 

7. A method as claimed in claim 1, in which said generating 
step comprises: 

(a) taking the logarithm of a signal representative of 
the at least one wavelength of electromagnetic energy, 
thereby generating a first signal; and 

(b) band pass filtering the first signal, thereby 
generating a second signal from which the plurality of 
measurements are derived. 

8. A method as claimed in claim 7, in which said generating 
step further comprises normalizing the second signal, thereby 
generating a third signal from which the plurality of 
measurements are derived. 

9. A method as claimed in claim 8, in which said generating 
step further comprises taking the derivative of the third 
signal, thereby generating a fourth signal from which the 
plurality of measurements are derived. 
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10. A method as claimed in claim l, in which the similarity 
between each selected measurement and the corresponding 
previous measurement is compared to an expected value. 

11. A method as claimed in claim 10, in which the expected 
value corresponds to a physiological model. 

12. A method as claimed in claim 10, in which the expected 
value corresponds to a rate of change between a plurality of 
corresponding previous measurements. 

13. A method as claimed in claim 1, in which the 
corresponding previous measurement corresponds to a filtered 
measurement . 

"•' 14. A method as claimed in claim 1, in which the at least one 
expected measurement characteristic comprises a prediction 
corresponding to at least one previous filtered measurement. 

15. A method as claimed in claim 1, in which the selected 
measurements comprise digital signals. 

16. A method as claimed in claim 1, in which the plurality of 
measurements generated in step (a) correspond to a series of 
cardiac pulses. 

17. A method as claimed in claim 1, in which the variable 
weights of the said generated weighted measurements comprise a 
plurality of different non-zero numbers. 

18. A method as claimed in claim 1, in which the plurality of 
measurements generated in step (a) are time-based and not event 
driven . 

19. A method as claimed in claim 18, in which each filtered 
time -based measurement corresponds to a current value of a 
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ratio of ratios which is representative of oxygen saturation of 
haemoglobin in arterial blood. 



20. A method as claimed in claim 18, in which each filtered 
time-based measurement corresponds to a current value of oxygen 
saturation of haemoglobin in arterial blood. 

21. A method as claimed in claim 20, in which the at least 
one expected measurement characteristic comprises a constant 
representative of a rate of change of the oxygen saturation 
value . 



22. A method as claimed in claim 18, in which the plurality 
of time-based measurements are normalized prior to the 
comparing step, thereby reducing noise effects corresponding to 
motion artifact on some of the time-based measurements. 

23. A method as claimed in claim l, which includes providing 
a signal indicative of the at least one wavelength of 
electromagnetic energy 

24. a method as claimed in claim 1, which includes the step 
of filtering data corresponding to the said wavelength of 
electromagnetic energy so that motion and noise energy not at 
integer multiples of a heart rate of the patient are 
attenuated. 



25. Apparatus for reducing noise effects in a system for 
measuring a physiological parameter, comprising: 

(a) means for generating a plurality of measurements 
derived from at least one wavelength of electromagnetic 
energy transmitted through living tissue; 

(b) means for comparing selected measurements with at 
least one expected measurement characteristic; 
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(c) means for assigning one of a plurality of variable 
weights to each selected measurement • based on the 
comparing step thereby generating a plurality of 
differently weighted measurements; and 

(d) means for averaging a plurality of the differently 
weighted measurements to obtain a filtered measurement 
for use in estimating the physiological parameter. 

26. Apparatus as claimed in claim 25, which includes means 
for calibrating the system to measure the physiological 
parameter in response to a signal indicative of the at least 
one wavelength of electromagnetic energy. 

27.. Apparatus as claimed in claim 25, which includes a sensor 
with an emitter for the said at least one wavelength of 
electromagnetic energy, sensing means for sensing the electro- 
magnetic energy and for generating a first signal represent- 
ative thereof, means for detachably coupling the sensor to an 
oximeter and for communicating signals between the sensor and 
the oximeter, and means for providing a second signal 
indicative of the at least one wavelength of electromagnetic 
energy . 



JA 18660 



Copied from 10779033 on 07/15/2005 



WO 98/41249 



PCI7IB97/00287 



1 

rsil| 



SI 



Hi" 




JA 18661 

SUBSTITUTE SHEET (RULE 26) 

Copied from 10779033 on 07/15/2005 



WO 98/42249 



PCMB97/00287 



-2/4- 



Data 
Acquisition 



Conditioning 
& Filtering 



RATE 



Pulse 
Analysis 



FIG. 2 



1"! 



Power 
Spectrum 
7 



Adaptive 
Comb Filter 



RATE Arbitration 



Triggers 
or ECG 



SAT 



Harmonic 
Noise Filter 



■■■ Adaptive 
Signal Filter 



10" 



11' 
12- 



Signal Conditioning 
& Outlier Evaluation 



Adaptive 
SAT Calculator 



SAT Arbitration 



Post Process 



Display RATE 



-13 U- 



-15 16- 



Post Process 



Display SAT 



JA 18662 

SUBSTITUTE SHEET (RULE 26) 



Copied from 10779033 on 07/15/2005 



WO 98/42249 



-3/4- 



PCT/IB97/00287 




WO 98/42249 



PCT/ra97/00287 




s^iun paz.i|DWJON 
JA 18664 

SUBSTITUTE SHEET (RULE 26) 



Copied from 10779033 on 07/15/2005 



INTERNATIONAL SEARCH REPORT 



PCT/IB 97/00287 



IBVJECT MATTER 



al dasarticttton and IPC 



Documentation so 



M during ttis International se 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category' Citation ol document wtth Indication, whore appropriate, ot the relevant p« 



US 5 355 882 A (UKAWA & AL.) 18 October 
1994 

see column 5, line 27 - column 6, line 45 

US 4 960 126 A (CONLON & AL. ) 2 October 
1990 

see column 3, line 31 - column 11, line 45 
US 4 407 290 A (SCOTT) 4 October 1983 



see the whole document 
EP 0 586 025 A (ROBINSON) 9 March 1994 
see page 10, line 48 - page 20, line 12 
-/- 



1.4, 

10-14, 

21,23-27 



1-6, 
13-27 



1-6, 

10-15, 

17-27 



1-6, 
13-27 



CD' 



|X | Patent farrtV member* ar» Wed In in 



ofciteooe 

'A' document defining tha general aula < 
considered lobe ot particular raleva 
"E" earner document but published on or 



trow double on priority da] 
Dith the ptCUcanondata of 
other epeoial reason (aa specified) 



lenal AUna dat( 
application bu 



mama,jucfi combination being obvious to a perton »fc 



2 December 1997 



Oata of mailing ot the International ae 

09/12/1997 



European Patent OMcs. P.B. 5618 Patantlaan 2 
NL-22aOHVRIt»wl(k 
Tel (♦31-70) 340-2040. Tx. 31 851 epo rd. 
Fax: (+31-70) 340-3018 



Form PCT/I8A/21 0 (aeoand sheet) (July tM» 



Lemerder, 0 
JA 18665 



Copied from 10779033 on 07/15/2005 



INTERNATIONAL SEARCH REPORT 



Intwmcdonal AppUutton No 

PCT/IB 97/00287 



WO 91 11137 A (CLARK) 8 August 1991 
see page 24, line 14 - page 42, line 7 

EP 0 335 357 A (NELICOR) 4 October 1989 

cited 1n the application 

see page 4, line 50 - page 9, line 51 



1-27 
1-27 



JA 18666 



Copied from 10779033 on 07/15/2005 



INTERNATIONAL SEARCH REPORT 

Infonnttlon on pM^ttttmlty mmbtt* 



PCT/IB 97/00287 



US 5355882 A 



US 4960126 A 



18-10-94 



02-10-90 



US 4407290 A 04-10-83 



EP 335357 A 04-10- 



JP 6022943 A 



NONE 



AU 
CA 
EP 
FR 
GB 
JP 



8391382 A 
1177275 A 
0075585 A 
2503368 A 
2109542 A,E 
4006368 B 
JP 58500432 T 
NL 8220128 T 
WO 8203322 A 



US 4911167 A 
AT 137648 T 
CA 1323432 A 
OE 68926405 0 
OE 68926405 T 
JP 2045041 A 
US 4934372 A 
US RE35122 E 



01-02-94 



19-10-82 
06-11-84 
06-04-83 
08-10-82 
02-06-83 
05-02-92 
24-03-83 
01-02-83 



EP 586025 A 


09-03-94 


US 


5355880 A 


18-10-94 






CA 


2099400 A 


07-01-94 






JP 


6178767 A 


28-06-94 






US 


5630413 A 


20-05-97 


WO 9111137 A 


08-08-91 


CA 


2074956 A 


31-07-91 






EP 


0512987 A 


19-11-92 



27-03-90 
15-05-96 
19-10-93 
13-06-96 
05-09-96 
15-02-90 
19-06-90 
19-12-95 



JA 18667 



Forni PCI71SA«10 (pttmi («mty «nn.n) (Jiiy i o W) 



Copied from 10779033 on 07/15/2005 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



Copied from 10779033 on 07/15/2005 



